Abstract Brillouin scattering measurements have been carried out in the liquid crystal mixture Merck ZLI-2861 with a low viscosity and a broad nematic phase. Scattering from longitudinal acoustic phonons with different wave vectors was measured by changing the geometries from backscattreing to nearly forward scattering that cover the frequency range from 10 to 1 GHz. In the nematic phase the dispersion in both the hypersonic attenuation and sound velocity is describing by a single relaxation process with the characteristic frequency 3.2 GHz. Evident anomalies in attenuation and hypersonic velocity were found at lower temperatures in the vicinity of the phase transition from a nematic to, probably, a smectic state.
Brillouin scattering has been widely used for studying different liquids and fluids. Except in very viscous liquids, most sound velocity and absorption dispersion regions occur at high frequencies suitable for examination by this technique. In the case of liquid crystals, additional interest is connected with the acoustic properties of nematic and ordered phases as well as with the acoustic anomalous near the phase transformations.'.' At low frequencies f < 200 MHz using ultrasonic techniques, an anomalies sound absorption increase and a corresponding dip in the sound velocity have been observed in the phase transition regions. However the response of liquid crystals at higher frequencies in the Brillouin scattering region has not been pronounced enough to reveal specific acoustic anomalies in the phase transformation range. The usual relaxor system of most fluids appears to be damped at such high frequencies and no coupling of the hypersonic phonons to liquid crystal order is observed.
It seems that the Brillouin scattering potentialities can be used in the case of liquid crystals with low viscosity. For this reason we chose for our Brillouin scattering measurements a liquid crystal mixture, E. Merck ZLI-2861. This complex mixture was created in accord with the modem tendency to reduce the liquid crystal viscosity within an extended nematic phase. 
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According to the information from E. Merck Inc.? the ZLI-2861 mixture contains ten compounds with different n-akyl chains containing up to five carbon atoms. 'Ibis liquid crystal mixture has a high clearing temperature at the nematic isotropic phase transition, TM, and a wide nematic phase T s , < 233 K < T < T , =367 K when TsN is the temperature of the suppo ed nematic -smeaic phase transition. The densiw of ZLI-2861 is about 0.97 g/cm and we use an average index of refraction n =1.6.3
The liquid crystal mixture was placed between two parallel windows m a massive copper cell. The sample thickness is about 1.2 mm. We used samples without MY prefend orientation, though there was a spread of some experimental points which we amibute to local orientation effects.
The scattering spectra wen excited by an argon laser with k514. Brillouin spectra at room temperature m the nematic phase were measured as a function of scattering angles from 180' to 10' which was enough to cover over a decade of frequency range (10-1 GHz). Fig. 1 shows the dispersion of the hypersonic attenuation m the nematic phase. The normalized attenuation or the ratio of attenuation to square of the acoustic wave frequency, d?, is shown. The solid line in Fig. 1 cP. This is m a reasonable agreement with the bulk viscosity u; above plus combined shear-bulk viscositim which are expected to influence the sound attenuation also.'O However, t h i s apparent correspondence is not confirmed by temperature measurements.
The ZLI-2861 liquid cxystal mixture exhibits a wide nematic phase region. 'Ihe temperature measurements m an Ostwald-type viscometer in this nematic phase show a drastic increase of the bulk viscosity from 20 to 2730 CP (Fig. 2a) . However, the growing static viscosity does not affect the attenuation of the hypersonic phonons. Fig. 2b shows the behavior of the BriUouin components linewidth in three geometries of scattering; 180' or backscattering , 129' and 52' . As it was mentioned above we expect a-qave and m this case the high-frequency portion of the viscosity remains nearly constant in the nematic phase. In spite of different temperature behavior of the three curves in Fig. 2b , a common reduction of cx/? was found on cooling in the nematic phase for the high frequency tail of the dispersion wave m Fig. 1 . These three scattering geometries cover a narrow frequency region m Fig. 1 , so we can only qualitatively judge by appearance that the relaxation frequency f, decreases upon lowering temperature in the nematic phase. Attenuation of the longitudinal acoustic phonons vs. temperature m three different geometries of scattering.
However, we have found that the hypersonic acoustic response of ZLI-2861 is not completely damped even for coupling to liquid crystal order. All three curves in Fig. 2b show an abrupt increase of the hypersonic attenuation in the region 230-220 K that is probably connected with a phase transition to the smectic state. In this new phase the sample ZLI-2861 becomes very turbid, the Brillouin doublet intensity reduces and nearly disappears so that accurate measurements become difficult Nevertheless several points in the vicinity of the transition let us make some conclusions. Downloaded by [Montana State University Bozeman] at 12:51 26 February 2016
